Forskolin mediates the survival of nerve growth factor-dependent sympathetic neurons of chick embryo by a cyclic AMP-independent mechanism.
Forskolin has become an invaluable tool for exploring the involvement of cyclic AMP in a variety of cellular functions. The diterpine directly activates the catalytic subunit of adenylate cyclase, causing a marked increase in cyclic AMP content. Because of this well-characterized action, practically all the observed effects of forskolin are commonly attributed to cyclic AMP-dependent processes. We show here that forskolin exerts a neurotrophic action that is almost identical to that of nerve growth factor (NGF) and phorbol 12,13-dibutyrate (PDB) but independent of cyclic AMP. Sympathetic neurons of the chick embryo supported in culture for 2 days by NGF, forskolin plus 3-isobutyl-1-methylxanthine (IBMX), or PDB had almost identical levels of cyclic AMP (between 9 and 12 pmol/mg protein). Neurons supported in culture for 2 days by NGF or PDB when challenged with forskolin plus IBMX showed almost a 15-fold increase in cyclic AMP, but those supported by forskolin plus IBMX and then exposed to the same combination of drugs did not show an increase in cyclic AMP, exhibiting a marked down-regulation. Exposure of neurons to forskolin for 2 h was ineffective in supporting long-term survival, suggesting that an initial increase in cyclic AMP formation is not sufficient but the continued presence of the drug is essential for survival. Effects of forskolin on the survival of these neurons could be observed even in the presence of dideoxyadenosine, and inhibitor of adenylate cyclase. Neurons supported by PDB for 2 days in culture when exposed to NGF for the first time did not show any increase in cyclic AMP, providing clear evidence that NGF does not affect this second messenger in its target cells. Similarly, neurons supported by NGF for 2 days when exposed to PDB did not show an increase in cyclic AMP.(ABSTRACT TRUNCATED AT 250 WORDS)